Cancer can be viewed as a disorder generating from an uncoupling of gene expression that controls cellular proliferation and differentiation. Therefore, much attention has been paid to cancer cell lines that can be induced to differentiate after in vitro exposure to chemical or chemotherapeutic agents (for reviews, see refs. 1-3). The K-562 human leukemia cell line provides a useful system for studying human erythroid differentiation because it expresses markers of erythroid lineages, such as hemoglobin.
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Of the variety of chemotherapeutic agents used in cancer treatment, some can induce cell differentiation (4) . In our previous studies we used drugs directed against key enzymes of purine and pyrimidine metabolism (5) (6) (7) . Activities of target enzymes of these drugs were those that were tightly linked with in vivo and in vitro proliferative activity (5, 8, 9) . The activity of IMP dehydrogenase (IMP:NAD' oxidoreductase; EC 1.1.1.205), the rate-limiting enzyme of de novo GTP biosynthesis, markedly increased in various types of cancer cells; therefore, this enzyme was suggested as a sensitive target for anticancer chemotherapy (5, 10).
Tiazofurin (2-i-D-ribofuranosyl-4-thiazolecarboxamide;
NSC-286193) potently inhibits the proliferation ofa variety of experimental and human neoplasms and is now in phase I and II clinical trial (11, 12 (20) . As with the G reins, the normal c-ras proteins as with plasm membrane bind GTP and GDP and have GTlase activity (21, 22 ).
In our study we Hemogkobins were separated by PAGE as described (24) .
Enzyme say. Activity of IMP dehydrogenase was determined as reported (25) . §To whom reprint requests shoul be adiessed.
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in accordance with 18 U.S.C. §1734 solely to indicate this fact. (Fig.  1) . Exposure of K-562 cells to 10 ,M tiazofurin resulted in a marked elevation in the transcription of Ay-globin-encoding gene. Globin-specific hybridization signals became more intense at 48-hr treatment (Fig. 2) . Because tiazofurin was reported to cause differentiation in HL-60 human promyelocytic leukemia cells (17, 18) , our work shows that this antimetabolite induced both erythroid and myeloid differentiation in vitro.
PAGE of hemoglobin from untreated K-562 cells showed that the hemoglobin mainly consisted of small amounts of embryonic forms: Hb Portland, Hb Gower I, and Hb F were detected (29) . With tiazofurin, K-562 cells synthesized large amounts of Hb Portland, and bands corresponding to Hb Bart's, Hb X, and Hb F were very visible, but the Hb Gower I band resembled that of the control (Fig. 3) (29) . Commitment of K-562 Cells to Differentiation. To assess whether commitment occurs (i.e., the decision to express a differentiated phenotype without inducer), cells were cultured for various periods with tiazofurin and then plated in semisolid medium (containing 0.33% agar) without inducer. Five days after plating, colonies were stained with benzidine. Three types of colonies were found: those containing (i) only benzidine-negative cells, (ii) only benzidine-positive cells, and (iii) both cell types (mixed colonies). Negative colonies were large, whereas mixed colonies were generally of intermediate size. By contrast, benzidine-positive colonies were small, regardless of length of prior exposure to inducer, reflecting that differentiating cells exhibited restricted proliferation. With prior exposure to 10 LM tiazofurin, a 12-hr lag period existed before effects of the drug became irreversible (Fig. 4) . Cells transferred to inducer-free medium after exposure to 10 AtM tiazofurin for less than this lag period did not withdraw from the cell cycle, nor did they show any changes indicative of erythroid differentiation. Tiazofurin progressively increased the percentage of positive and mixed colonies.
Activity of IMP Dehydrogenase and GTP Concentrations During Induction by Tiazofurin. Previous studies showed that the metabolically active form oftiazofurin, 4-thiazolecarboxamide adenine dinucleotide, inhibits IMP dehydrogenase and thus depletes guanosine nucleotide pools (7, (13) (14) (15) (16) . Therefore, association of these events with expression of the differentiated phenotype was tested in K-562 cells. Fig. 5 shows that cell exposure to tiazofurin caused a drug-dosedependent decrease in specific activity of IMP dehydrogenase. This decrease appeared by 6 hr oftreatment with 10 ILM tiazofurin and was most marked at 24 hr (15% of control values).
Concurrently, tiazofurin exposure rapidly depleted intracellular levels of GTP (Fig. 6) . In contrast, concentrations of UTP and CTP increased at 6 hr (to 120-140% of control values); restoration to control levels of UTP and CTP was seen between 24 and 48 hr with a decrease by 72 hr. At this early time, ATP pools were not significantly altered (data not shown). Hemin, a known inducer oferythroid differentiation, did not reduce the GTP pool before 72 hr.
Guanosine Rescue. Because modulation of intracellular GTP level is an early measurable response to induction, determining whether depletion of GTP pools is critical to maturation was of interest. When cells were exposed concurrently to tiazofurin and guanosine, no increase of benzidine-positive cells occurred-i.e., guanosine could prevent tiazofurin action in K-562 cells (Table 1) . Our results argue that the rapid drop in intracellular GTP concentration, seen when K-562 cells were treated with inducer, is a necessary event leading to differentiation rather than a by-product of induction. Our observation and conclusion are consistent with results gained in HL-60 cells with IMP dehydrogenase inhibitors (17, 18) .
Expression of Protooncogenes. GTP has several functions and routes of utilization (5), including its ability to interact (31, 32) , one early molecular effect of tiazofurin treatment is the rapid (3-hr) decrease of c-Ki-ras RNA level (Fig. 7) that precedes commitment. A similar trend was seen in c-myc mRNA expression to that found for c-ras transcripts, whereas expression of the amplified c-abl gene of K-562 cells (33) was not influenced (Z.K. and E.O., unpublished work). It has become increasingly common to find differentiated cells in which expression of c-myc protooncogene has decreased (34). This decrease might reflect an early response of this gene to cessation of cell proliferation, but alternatively down-regulation of c-myc gene might also be required for induction of the differentiation program. As discussed recently by Land et al. (35) , the cooperation of ras and myc genes in displaying the malignant phenotype seems to be a significant juncture in the expression of neoplasia.
The results reported here suggest that ras gene products may serve important physiological function(s) in K-562 cells, functions that have a major role in mediating signal transduction by triggering the cascade of events that affect expression of the differentiation program.
